Enterovirus infections through nosocomial transmission are well documented and involve different serotypes of group A and group B coxsackieviruses and echoviruses (10) . Increased vigilance is particularly necessary in neonatal nurseries and neonatal and intensive care units because neonates represent a population at risk for severe enterovirus diseases (1, (6) (7) (8) 16) .
Echovirus 30 (E30) is one of the most prevalent enteroviruses (2, 11, 15) . It caused several outbreaks of aseptic meningitis (3, 12, 21) , but was not often involved in infections through nosocomial transmission (14) . In a recent study, we reported clinical and epidemiological data strongly suggesting the nosocomial transmission, in 1997, of an E30 strain in one area of a neonatal unit (9) . In the present study, we report molecular evidence of the nosocomial transmission of the virus from the index patient to five other babies. The evidence is based on the phylogenetic analysis of the complete nucleotide sequence encoding the VP1 capsid polypeptide.
MATERIALS AND METHODS

Clinical specimen and virus identification.
Detection of the enterovirus genome in cerebrospinal fluid (CSF) with the AMPLICOR EV test kit (Roche Molecular Systems) was routinely performed according to the manufacturer's recommendations. During an outbreak of aseptic meningitis in a neonatal unit, E30 isolates were collected from stool specimens or CSF from six neonates (Table 1) . A virus isolate was also obtained from a stool specimen from the index patient's mother. Virus isolation was performed as described elsewhere (9) . Propagation of the isolates was limited to a maximum of two passages in MRC5 cell cultures (human lung embryonic fibroblasts; Bio-Mérieux, Marcy l'Etoile, France). Virus identification by neutralization tests with the Lim-BenyeshMelnick antiserum pools was performed as described elsewhere (9, 13) . The E30 prototype strain, E30/1958/USA/Bastianni (5), and 10 E30 isolates (78CF1260, 78CF1074, 91CF670, 92CF495, 94CF1845, 97CF1261, 97CF1308, 97CF1377, 97CF1619, and 98CF746) collected between 1978 and 1998 from patients with aseptic meningitis were included in the study as controls for the phylogenetic analysis.
Amplification of the complete VP1 sequence. Synthesis of cDNAs was performed according to previously described methods (4, 5) . Two synthetic oligonucleotide primers, ECOX01 (5Ј-GC GGA TCC GCG GCC GCG AGC TCI GCR TGC AAY GAY TTY TCW G-3Ј) and ECOX02 (5Ј-GCT GCA GGG CGC GCC TCT AGA RTC YCT RTT RTA RTC YTC CCA-3Ј), were constructed to amplify the entire sequence of VP1 from the genome of echoviruses and coxsackie B viruses (J.-L. Bailly, A. Béguet, M. Chambon, C. Henquell, and H. Peigue-Lafeuille, submitted for publication). Each oligonucleotide has a composite sequence: a group-specific sequence (underlined) at the 3Ј end and a heterologous sequence with a high guanosine and cytosine content at the 5Ј end. The group-specific sequences were constructed from nucleotide stretches conserved in the genome of echoviruses and coxsackie B viruses for which genome sequences were available from international databases. ECOX01 was designed from a stretch conserved in the VP3 encoding sequence and ECOX02 was designed from the 2A encoding sequence (Bailly et al., submitted). Groupspecific sequences contained mixed bases or inosine residues at degenerate sites. The heterologous sequence in the oligonucleotides allowed hybridization during the amplifications to be performed at a stringent temperature. PCR products were synthesized by using the Expand Long Template PCR System (Roche Molecular Biochemicals) with 10ϫ buffer no. 3. The amplification reactions were performed with 2 l of the cDNA in a mixture containing 200 M each of the four deoxynucleotides and 1.75 U of the enzyme mix (thermostable Taq and Pwo DNA polymerases). Thermal cycling comprised 40 cycles as follows. The first five cycles consisted of denaturation for 2 min at 94°C, hybridization for 20 s at 51°C, and elongation for 50 s at 68°C (denaturation was lowered to 15 s in cycles 2 to 5). Amplification of the cDNA was then performed in 35 cycles of 15 s at 94°C, 20 s at 64°C, and 35 s at 72°C. Amplifications were carried out with an Omnigene thermocycler (Hybaid).
Nucleotide sequencing of PCR products. Amplification products were electrophoresed on a 1% NuSieve GTG agarose (FMC Bioproducts, Rockland, Maine) preparative gel and purified from low-melting-point agarose by conventional phenol-chloroform extractions. Nucleotide sequences were determined on both strands of the purified PCR products. Sequencing reactions were carried out at Nucleica SA (Clermont-Ferrand, France) with an ABI PRISM Dye Terminator Cycle Sequencing Ready Reaction kit (PE Applied Biosystems).
Phylogenetic analysis of the VP1 sequences. The phylogenetic analysis of VP1 sequences was performed with the Tree-Puzzle computer program (22) . The phylogenetic tree was reconstructed from the VP1 sequences with Tamura-Nei's model of sequence evolution (24) by the quartet puzzling method (22) , which estimates pairwise distances by maximum likelihood. To ensure phylogenetic accuracy, a data set was constructed with the nucleotide sequences of the Bastianni reference strain (5), the 7 isolates recovered during the neonatal outbreak, and the 10 control isolates collected in our laboratory between 1978 and 1998.
Nucleotide sequence accession number. The nucleotide sequences determined for isolates IP, MO, and P1 to P5 were deposited with the EMBL data library under accession no. AJ241449 to AJ241455. The sequences determined for the E30 control isolates were deposited under accession no. AJ241439, AJ241441, AJ241444, AJ241448, AJ241456, AJ276626, and AJ276812 to AJ276815.
RESULTS
Outbreak description. In October 1997, the index patient, a 5-day-old boy (Table 1) , was admitted to a neonatal unit with aseptic meningitis due to an enterovirus, thought to have been acquired from his infected mother. Detection of the enterovirus genome in CSF was positive on admission (9) . A virus isolate was recovered 6 days later from MRC5 cell cultures inoculated with a stool specimen. Virus identification showed the virus isolate to be E30. E30 was also identified from a stool specimen of the index patient's mother obtained after admission of her child.
Secondary infections occurred subsequently in five babies (Table 1) . Triplet babies (patients 1, 2, and 3) had been hospitalized for about 15 days in the neonatal unit when the index patient was admitted on 2 October. Patients 4 and 5 were admitted 6 and 2 days later, respectively. In all five patients, infection with an enterovirus was evidenced either by detection of the genome in the CSF, isolation of a virus from stool specimens, or both. Virus identification showed that the virus isolates from the five patients were E30.
Molecular evidence of nosocomial transmission of the secondary infections. The chronology of the infections, the clinical symptoms, and isolation of the same enterovirus serotype in all patients strongly suggested a nosocomial transmission of an E30 strain in the neonatal unit. To determine whether the patients had been infected independently or whether the infections had a nosocomial origin, virus isolates were characterized by sequencing the complete VP1 encoding sequence after reverse transcription-PCR. Overall, virus isolates IP, MO, and P1 to P5 differed at nine nucleotide sites in the VP1 encoding sequence (Table 2) . Virus isolates IP and MO differed at only 2 nucleotide sites (positions 441 and 667) in the 876 nucleotides of the VP1 sequence (99.8% nucleotide similarity). In addition, both isolates had a cytosine at position 714, whereas the five isolates P1 to P5 recovered from patients with suspected nosocomial infection had a uracil at this site. These observations demonstrate the close relatedness of the two isolates and the transmission of the virus from the mother to her child, most probably at the end of gestation or during birth. Isolates P1 to P5 differed at two, three, or four sites from isolate MO and at four, five, and six sites from isolate IP ( Table  2 ). This strongly suggests that all isolates were derived from a common ancestor (isolate IP or MO). To assess the genetic relationships between the different viruses and to determine their origin, the VP1 sequences were compared with homologous sequences determined in four E30 control isolates (97CF1261, 97CF1308, 97CF1377, and 97CF1619) recovered during the outbreak of aseptic meningitis, which began in May and ended at the beginning of August 1997. The seven E30 isolates involved in the neonatal outbreak shared about 98% nucleotide identity with isolate 97CF1261 and 93.1 to 94.1% identity with the other three control isolates. A phylogenetic tree ( Fig. 1) reconstructed from maximum likelihood distances showed a close relatedness between the five isolates P1 to P5 and isolates IP and MO, which all clustered in a monophyletic group, thereby demonstrating that the infections in the neonates had a single origin. Moreover, phylogenetic analysis showed conclusively that the readmission of patients 2 and 3 was a direct consequence of an infection acquired in the neonatal unit just before they were discharged. The seven isolates grouped with control isolate 97CF1261 recovered in June 1997 from a CSF specimen from a patient during an outbreak of aseptic meningitis (the internal branch had a very high reliability). Overall, the analysis showed that the index patient's mother was infected with an E30 strain that had been circulating in the general population since the summer outbreak and that she had transmitted the virus to her baby. Finally, the phylogenetic relationships observed in Fig. 1 show the existence of another lineage (isolates 97CF1308, 97CF1377, and 97CF1619) in the E30 strain recovered during the outbreak of aseptic meningitis. 
a Virus isolates recovered from the index patient (IP), the index patient's mother (MO), and five patients with secondary infections (P1 to P5).
DISCUSSION
In a recent study, the nosocomial transmission of an echovirus 7 strain in a neonatal nursery was shown by sequencing a fragment of the 5Ј noncoding region (23) . This part of the genome is extremely useful for detecting enterovirus genomes in clinical specimens by reverse transcription-PCR (see reference 17 and references therein), but is not suitable for accurate molecular epidemiological studies (5, 17, 18) . We based our study on the phylogenetic analysis of the VP1 encoding sequence, one of the most variable sequences of the enterovirus genome (20) . The analysis was performed for the complete VP1 sequence, because the mean number of nucleotide differences between virus isolates related to the nosocomial outbreak was very low (minimum of 2, maximum of 6). Hence, we confirmed the usefulness of the method designed for the molecular epidemiology of echoviruses (Bailly et al., submitted) . The phylogenetic relationships between E30 isolates related to the nosocomial outbreak were consistent with clinical observations (9). Although it was not possible to identify the exact origin (either isolate IP or isolate MO) of the secondary infections, our results strongly support the hypothesis of the nosocomial transmission of an E30 strain in the neonatal unit. A transmission of the virus from the index patient's mother cannot be excluded, because at the time of the infections, she was still excreting the virus, and all of the nosocomial isolates are more related to isolate MO than to isolate IP. As a consequence of the nosocomial outbreak, the hospital stay of the patients was prolonged by about 6 weeks. All of the patients made a complete recovery; however, the outbreak underlines the necessity of a strict hygiene policy in hospital units for medical staff and visitors.
This study is novel in that it shows an epidemiological connection between three infectious events that took place over a period of about 6 months. The molecular analysis of the VP1 sequences of the virus isolates enabled us to establish a link between a summer outbreak of aseptic meningitis, the vertical transmission of an epidemic virus 3 months later, and the horizontal transmission of the virus in a neonatal unit about 20 days after admission of the index patient.
